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Abstract (Basic) : EP 867917 A 

A method of separating a composite having many mutually bonded 
members (1,2) at a position (3) different from the bonding position 
(14) comprises jetting a fluid (7) against a side surface of the 
composite to cause separation. Also claimed are: (i) a method as above 
of producing a semiconductor substrate having porous and non-porous 
single crystal layers, (ii) a method as above in which the composite is 
rotated while being jetted by fluid, (iii) an apparatus for separation 
as above, (iv) a method of forming an electronic device or IC as above. 

USE - In the formation of silicon-on-insulator substrates by 
separating bonded substrates 

ADVANTAGE - The bonded substrates are separated without damage and 
without destruction of the separation region which may contaminate the 
apparatus with particles: high quality substrates can be easily made at 
high yield. 
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mxhmmmzm^mmi:WLmmiifi^co:h 
i)mhh<^xz(oEMzx 0 t-tmimmco^m^m^ 
mm^^mij^m^ii. m^^x^^mmmimf^ri 
xs&mth(7)x. mmmi+wzm^tih. 
-f-'Jx *y v(Dmi^mM<'^^ihfz^{z{t}:Mm 
^a^mnm^^^-f-'^x'v h(r>mwm.tfz\t^ix 

^I-fiXl. Qi(\m^T\^hnKVhh<nX'^^'th^tm 
«cc7)|f$gp^^^t'^gpftcOli^{i, 2. 0mm$:TlH]-S)^ 

)ST^>-&. mmiumm^z<r>i/2nKxhhzt 

;!?^'^iiT'f>^)Cor'^:r-:^-vx-y hcOiiStil. Om 
[004 31 ?J£(^^ntst1-^ y X;U£0ff^1^{iRJ^i:0fi!lE 

m^m:hh. z<r>wj:yxfvt-hm.w^^^\&^\m 

I ^^mm^timm hzt if&^h . 

[0044] ^ir-^-'jx -y hcoa^^iiai^mi^ 

Sl^iScogS, W^h^tmu<r>lMm(r>mw:^:}^^z 
X 0 e4CS^«;&^ai*^. fi?9i(fxx -y hcoE:^, X 

x -/h£7)^lt^, yX/MS (='>;r-^-i-'x-y h 
[0045] H^cO^^I^-dififiO^i^'^StC^fr^ 

^mzf^-^x/Xiv^^^-thtK ttzit'^t-f-'j 

X y h<T^1im'^LXm^h^tmWL<nl5^:W-fiiZ^m 

-thzti^zx^^m-thm^^^h. tfzJXM^i^^ 
^tLxmmz^i(-9-i^x-/ h^^^'th:nm^. 

% < crym^iz^ oTh^Xo tcBA 0 ^hitSWim U x 
yr-i^a y^-y h^y -y^^^lStt^iXT'OXM^oJ: a 

^Cje txm -^hit^mt f5l-®F^t;y X7U$:^< c7) 
rii=Cc< , nm^:Wtfz1f\^i)'h i-'x v h t:^^^mz 

MxhWL'^mThi. ^^-9-'Jx vh<n^cofk 
:HUimi^zii:^tmm(rZijii!,^h<oTh'ox . ztih<^ 

^c/l^$< , t.fz^^ii^t-wmmzmi'^'^X'hh 
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^x^y h(.zx^^mk(^zmLxmithztL^6f^ 
mxhh. mz:^mizii\.^xii. T^:^Mfj:^x^mu 

[0047] :^^mzx h^mi^m^ti^mi^'f^<^ x 
i^T^M xxu^j: < }^m^j:m^^'^^m^'thmzmmt 
[ 0 0 4 8 ] n 3 (i . ^^m(^-mtmmmf>z x^jfm 
[004 9] 10 nm^mtixcnm^M^x 

1 0 2{iSf*:[«Wyx'/U. 10 3(iyX/H0 2i7) 

±T{<Lm^mi-th±.-mmmi. i oAnyxf). i o 

LTiO'^xyNftJ^MT'A^, 113. 114. 1 1 6«i 

03. 1 04. 1 1 5t3i:0, /X;H 02t'>xyM 
0 1^5)-^ffilS^aSi:^7){ijr^;^*^^<<c$iX. SE;!^^Xt 
htltz^W^yXfll 0 2;t?^^;>'>xyM 0 lt7)iJ®cO^ 
>iliiS5ggPlirSl(tTnftlt-r^ t i: LCC. ^x/N 10 1^ 

m^Lfztt. y Xfucoy\^W'fmm±'mmiz j; o , 
[00 5 0] io6Uimf,zmtxm^^^tih^Knx 

[005 1 ] ia4(i*%0B(ifflo^^ix^^«gg£O8tJi7) 

mir^^tummmrnx'^bh. m4f.zhK^x. 4oi(i. 

^^t^. 4 0 3. 4 0 4(im^f-v-v:7(Cj:0#^«c 
'^xy\4 0 1 ^^m/m^-th^^^i^T. 5i,HC(5l-[pI 

^i^«s4 0 4(i. ^r'jy^4 0 8tr^^$^ir. ^ 



^4 0 9Cl5:fif$il. JlfcJlT'Xe-K3> ho-yl.:e- 
5^4 1 Oc7)[a|fKlft(Ci:^SLTi^^„ Cil(Cj:0^-5'4 
1 0 3 y h a-^Uf t"- Hr(Rf^«c4 0 

4i:!^^tlZtm'^h. ttz. l9-ocOi^}$f4^4 

0 3ti^r'Jy:?''4 1 liz^^^ixX^^^A0 9iZ^ 
^^tl. imX'±n'^4 0 9t(rimCEW<^-4 l li: 
^th::tT^^i^4 0 3*^'4^^^f*:'>x/N4 0 It'hm 

[0052] t-f. ^a^«c'>x/N4 0 1 ^figi*i/)t'y 
4 1 3£OD0g?ti=5r*^ 0 ^-b y h I9k^i^4 0 4 iz\&^/ 
m^ith. €^^*4 0 4<1. ^^^^'>xy^4 0 IcOJt 
Tfig^try4 1 3(,zKc^hi'ZtX^mi^'>J^^^4 0 

«c'>xy\4 0 1 ^^m/mi'h^mtX^<^-4 1 2{C 
mh-oXtElrmizm^^^h. z<n^r. «j$*4 0 3tr 
(i, Effi>'<^^4 1 2izXn^'n[^izM^i)^^-h. Zicot 
1=, Effiy<^^4 1 2l>zXhtiX\ ^mi^^:JZJ\4 0li)- 

m 0 3ip^mi^'y:^^^4 o i ^m\ti:nt 

(005 31 yx-yh.-Kyr4 1 4 ^^i^^x v h /X/U 

-^^^aiL^(ti>. ^iWco^^iM'^^UzhyXfi^^ 

fmt. >'-vv5'4 0 6^^V>T^^*'>XVN4 0 1^ 

if $45'6(ci/'x -y hyx/P4 0 2i)^c,\^n^tfz^ii^i:m 
t^ioicommizhxi. cob#. ^^«s4 0 4^t- 

^-4lOI,ZX'r>Xm^^ithZtf,ZX0. ^^^^'^X 
A4 0 iatX«}$ft4 0 3$rlllSE^1t^. 

«c'>xM4 0 i<r>m^if{^co^'i:^n&z3bXhztx\ 

^ft'>xyN4 0 1 ^ 2f*tcff Lj[Z;(f^««^'>xyN4 0 

1 rtT'itKwiiv ^^Km^wm L . 2 mz 

[00 54] Zcom. l^LfzUlfZ. ^mi¥^JZ/\40 

ii^zm.m±^mizi)-f)-o. ^^^0^^*40 3 ti. ^^i^ 

^x/\4 0 1 ^9mL^j:t^h^:H\^i,Z'f)i)m^^X^^h(n 

t', ^^Lti^k^mLfc^^^Ji^^4 0 1 n±i)<mm 

[0055] 9bn^hit^x./^4 0 1 ^mKi^ittf^Z/ 
XyU4 0 2$r8AO'^i5li:'^XM4 0 icr^m^h-^^m 

im) iz^n^J:1f\^izm^^^:^ztXlik^^h^t^ 
:L/^4 0lt:^U^^thZtL'^mv$>hi)^. ^n^h 
^t'yJz/\4 0 1 ^m^^^'tizyXfi'4 0 2 ^^^-t*- 

X^m^^tfzm^. 0. 1 5mmcoyXyl/j5(cWL2 0 
Okgf/cm2 (D^ETi^m^WVhlcOt^znL. teO 
^b1i:'>xyN4 0 1 i:m^^ityXfU4 0 2 €:gl^$-ti: 
X^mUz^^. 200kgf/cmz c7)E-C'^g|T-'l' 

[0056] Zilimn'^h^'yx./\4 0 icry^^mz 
mx. *^«ai-r-S>^i:TVX;U^^$^^:^5ttCit 
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[00 57] ^cio. 7\iJ±^imitthZtizXn. m 

[0058] \) Ox,^^m\ixlZtKi:<^mT^hZ 
t 

xm'^i^mi)'^miz^j:hzt 

[ 0 0 5 9 ] 114 iZ^.Lfz^Ji^^mm^mi. ^mi^4 
0 3. 4 0 4tcJ:0^®7^/^^^H5g&<i(cLT^^tl> 
t\ ^1^*40 3. 4 0 4^:mmi}^hWt^oirZLX^ 

mLmmzx^mt^zti^v^h. zottzi^ 
i}^tc^mim^j:ti^^mnix\*^^ . B^mzi,t2mz 

[00 60] ^^(*:4 0 3. 4 0 4c0^gtt(i. m^h 
it^x^s4 0 1 tcoimS^t^^^^^iltimEyi^^^^O^ 

olij^yu^i^yMzm^ih. ZoLXi§ifK(^mmi^zX 

hmm^m^^'^hit^ji^^4o ii^siw®4^co7k 
i)mtiim±x^fj:t<o^<^j:'oXi^h. aLi)m^m 

'Sr^i'l^^^^fcLTi^^o fztUi. ^ni¥403. 4 

0 4 ^OBA 0 ^h^^J^y N 4 0 1 (Om^^cOi^ 3 0 m 
mtlTtcL^vTlS^ti, yX;H50. 2mm,E:^400 
kg f /cm2 t'Sfi0^b-d:^xy\4 0 l(if»lii$:^€ 

'rm^hit^x.j\4 0if)<im^-thmz^m'hz 

[006 1 ] tfz^^mOS. 404COJ^T'IAO^ 
^hif'>xyA4 0 l$:fft/£(f^R^. WO^;b-ti:^xyN 

4 0 \ ^i^i^cr)Tjfm^mitiim±x'^^. ^ 

<^i*:4 0 3. 4 0 4co&SO^i5-t^:'>XM4 0 1 t^O^fii 
1 0 0mmUU:tcL/^i^U/X;l/'f£0. 2m 
m. E:^4 0 0kgf/cm2 t'ftS0^ib-ti''>xyN4 0 

1 {mtii±^-riz^^'rh z t tn-t^ h . 

[00 6 2] fi^^^«s4 0 3. 4 04i:gAO^-b-^'^xvN 
4 0 1 t<r)\^f&U{Zf^-'r < 9 iV^j:^m^iit^^Zi^ 

-eix(iJ;oTgiO'&i:>^i:'>xyN4 0 

t-hJ X)V4 0 2 ;!^W^^E^ti-rii^ d h OSES 

^tm^mz^^^h^^:^f^4Q\'Ttnmm\,z^fzh 

^x^^Zti)'hh. ^m±l&mtLX^^i^4 03. 4 
0 4<7yll^0'^h^t^x/s40 immmi:m(OWh^j:^ 

mxm^thztx. tsfmmm^:^^^j:<LWzx 
'yxm^im^}i^tsmmi'y^j:<thzti)<xth. 

[ 0^0 6 3 ] 04 iZ^.Lrz%n^t>m^i^4 0 4 i)^^^ 



Lmt^4 0 3it^riimLx-mzmfh'th(r>xh'r 

XM4 0 1 **'^ffi^^-ri>ra1E^T'<i^«iffitCial:il;!^«flH 

^Lx%m.^i\hztt-hh. ^(n^^\m^\k<4 0 3 
im\%40 4tnmLxmi^^hzt\.z^^^ 

[0 0 64]ia5(i, *?£0i]c7)55lj£7)^^^^$:^LTt^ 
^, 

[0 06 5 ] ia5tC*>V^T, 2 0 4(i^X>'^*¥ati^)^S 

2 0 5(i'>x/N^^'jr. 2 0 6(i'>xMffl[i^r- 

UXhh. [15tC.T:-ri:d(I, '>xy>;:7-t:-y h20 5li 
'>X/n2 0 l7!^^':^<TtZ^i.J:9(C/?'t:'/ h^2 0 7±(C 
l;:?^iiTC^^, '^7X^2 0 Ki'^XM^ED.-K y h20 
6tcJ:0^xyNS:^^2O4(CfM$ftl.. '>xyN2 0 
1 coSo '^xy vi^^ 2 0 4 (i^/P h 3 y ^rcofil'S: 
i!#^^ifi«ni(CJ:Oi^Ei^-x'y hyXyU202. 20 
30{ilA,tm<;>ixTiK, -etO^^XACO'v'^Uy/ 

Sg§coyX/U20 2. 2 0 3*>ibSE^7)g5*^fiAO^ 
i^^'^xyNOPaSO^ib'ti:!?-® («®) 

iiEcog[ti^;:)*''^'<'jy/T'fiR^$ix/::ia^tivf^ 
i:9CgA0^-h-ti:'>XM^7K¥:^rSiCc^^L/c, /X/P 

{ifri!l2 0 2$)i>v^(±2 0 3co;^r{>i:<, 
T, P5yX/U20 2, 20 3^fflv^Ti>J;v^ 
[006 6] C:3^fHi'^?Las il^:n^LT'>x/N{i 

'>xyx{j:^i|cO^®n.-K-y NT-^ 1 ^SSlSt ^2cOS^ 

[0067] Tk^i^'x -y N:tr5tT'(i'!7XM^Iil^-r-S.'£^ 

x.}\m^20 4t^hmJ^)!^'tmi^\t9ts:\^. hhy*^ 
\t. »>XM ^ X/ i^^C^K L fcf^C xy 
^t/^ai L|l^±fy ^ '^xyNi^^ 2 0 4 ai LT 

(0 0 68] ^hKZ. ^Sc^lAO-^-blt^xyN^r-ecO® 

tcSfi:^r^tc^'^T-t:«y hL, -e^o^^ia^SiOi^i? 
't^:^xy\^7K¥^L^SI$-ti-3'cf^, '^xys<.y 
^'^xyv^fi^i-'VxyNtcMli^I^JtC^ei^it. 2iagc0 
0 ^^-lir'^xy 1 ffig t f5l^lc^¥^lE-cm^M 

[0069] m^\,zi^wmm(n%^^m.k^i^mz^. 
[0070] meammi-^'yt-^-i^x ■/ hg^o 

J:-3tc, m^hitfz'yx.J\3 0 1 ^e^Sf^3 1 OtcJ: 

Tisii^^ti/'ciHigptc. ^cohmzRm^tifzi^x •/ 

gcoyXy^3 0 2/?*^^^E^O«£«s^, ftSO^;b^'^xyN 
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izti)^m{z^j:h. zottiiiyxfu^m^hitm 

\.^^m<r)^}mmzm^^\mthm^\i^^h. 
(007 1] (a7(i*%0j^«fio^sigi:. ^hm^^ 
h^^xf\5 0 1 <r>mm.mzi^x ••/ h 5 0 3 ^m^^^ 
m<r>ij^im.^mz^.Lfzi:,<^xhh. m^h^^ 
X/N5 0 i^ft^«s:5 1 o\,zx->xm%L^<nmm^zy 

XiV5 0 2^m^^^h:ZtiZX^ ^X^NX y i^'gP^iO 
^igcO&SO-S-i^-ttgStCi^'x -y h 5 0 3 ^m^thZ 1 

(^0^) ^r^XMSO icoSffl^rlggLTCcT) 
U-i\^}L{ZJXii^5 0 2^m%Lfz^^5 I2^}^h^ 

h 5 0 3 ^vm^^h w t t^^^h . 

[00 7 31 i^. laStl^^l^T. 6 0 Itil^lcO^x 
6 0 2<im2cO'>xyN. b03\m^'kh^tm. 6 

0 4tia[*vx 6 0 5ii^XMj!,<S[«cxx •/ h;!?* 

S(cWLT^r1-«ie$:^-r- ^mX'\t. yXiU6 1 1;!)^ 
^>(7)>^x •/ h^ooSSt^-ffii^r^x/xcoiMiSi: W^:^rS] 
(C^tLja^fta^'Sr-ril^tC, yX/U6 1 i t^k^^S 

1 Ocofig^-^i^TV^^. 

(00 74] -^xyN^rHAfTj^^cl^ST'^J^L^tfOyx 
/KidSC^-r^tZieig LT ^xyN|ffl®tcifi9t-r ^ C h 
tt'^l.. i/'x-y h6 04{iteO'&-:b'tt®6 0 3(C^t 
(606) ^ L oTl^^ArA^ZftcO'^X/x 
60 1, 6 0 2iz^-thE:h^^WL<KchKc\'\ ms<r> 
mXWyxJse 0 1^60 2cOd^i/'x -y h*^'iiv^^c(g!i 

C06 0 2co:fr*<fflJ^6^;tc/h$^::^^S(t. 

i IrJg^L/^'^xyNfc^flatCxx -y h ^rfSttS 

®s i Kiim^%mi>-omi)^m^ix^<^^hcr)x\ 
[0075] m9u:^^m(om(r>^mmm^^s lx ^ ^ 

(0076] !29(CfcOT. 705. 7 0 6(iBS(*>''x 
'/V^m^XiVl 02, 10 3<n±,TWMmX9^. 7 07 
(i'>;r"5'-i^'x y hWiyXtVl OA<nA^^m%i^ 



7 0 8ii'>xyN«|^«s^iSt. 
(0077 ] m9<r>Xo{Z. m-^h^t^XJMO I 
r> X/ 7 0 8 (C J; T xy ft) ^ T S 

mziiXh. CwT'(i, ^'jxyf— i^Bl/^^y hcO 
^>^ll®^JLCLTt^^, -e'C7)^'>x/\7 0 lc7)'>;'<'j 

yyx^f^^tifzm^K\mm\,z^ ^cr>i,-nhh\^\m 

t^z^m^Mzmk (*MT'{i3{i) cO'!^:r-:5'->''x 
•y h$^g/XyU70 2, 7 0 3, 7 0 4*>i^;gEcoSi^ 
^, te0^i:)1f:Ox>'NCOPA0^i^^-»® (^ffi) 

hl5imT'^)l>, ^<7)m. ^ScoyX/U70 2, 7 0 3, 

7 0 4 ^^Eo$$7K;:;^^<'j y^xm^^fifzmm^zf^ 

nX^mth-H\p\\.Zif^Yl I 1, 7 12, 7 13tCt« 
nX^iLfz. 

[00 78] Z,oLX^xy\^Z.mWh. 
[0079] y X/H *i7)J^'&(C<i, '^XMi7)it^i{cffi 

%^:^m-h'mt^h-^tz. jX)Vi:mL^z'fhzti,z 

X^^fi^fi<^JX)VX[t^x.f\(nmm^:'ftn:tfiif 
%-^Xh^. tfz^x;\^U-><^mLXMf^nK,^^ 

( 0 0 8 0 ] d 1 Oii, *^0HiO5?'I^^SIKS$r^LT 

».^-£>, di otciii^T, sQum-^m^tLx^m 

^i^^'^x/N, 8 0 2(ig[(*i^'x-y hc7)yX;l/, 80 3 
(ig[*$r^-r, 01 0(c^j^-rj;o(c, m^^h^ktz^x 
y^$:^l^(*8 1 Hc*ia(cATTffi^L, -^cOS^xys 

tizsM^tifzi^x y h^m<r>x 'J y h^<Dmni:tr) 
it^m (mm) tc^tf=t:^i^/;*^isit^^. xv y hi,± 

^^S^OyfccE;!^«|^^^^^:^'>x/^^0'<'<'Jy^T' 

^. mL<r>yx)u±^&<r>^m^«'jy'^X'mA^ti 
fzm^i^zi^-yxnm'mjmz^^^tii. . 

[0081 1 -y h£7):gS^'>XMa:SUl±iCLrio 

mi/Xf\^a>^^l,tT-mitZy'j:h . 
[008 2] .l^x'j y httyxyu^oa^ti, l*c7)igs: 

l^^hZtThh. (KET't, ^E*c7)ai'5>®S^;^^ 
<-r^CfcT, ^Ji^M.z^-x.^^WUzmhfthx^^fi^^ 

mizKci. 

[0083] ^mnizm\'^^z b<nx^hj xMtx -j 

vVmiU^:{jr>{,<ntz^iX'tc<X. 01 l<OXo\.zn. 
SccoyXyH 2 0 2 $:2&gCl:ill4^tc^'<Tte0^ib-ti: 

'^x/M 2 0 i(ci©itLri[^mofe^*^'f#^n^>. c 
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(0084 ] lai 2(i, ^?imm\m^mm^^^Lx 
(0085] m 2cr>mm(nm^mm. m3t\p\m(^ 

Al 00 1 a(i^^«cl 00 5at;-tv h^fl^. yX 
;H 0 0 2 a;!?^^ ittStL^^^E?£*(i'>xyN 10 0 1a 
i7)^^'jy/gPtC^)Tibil^. yX/H 00 2a*i7K^ 

nsimm 1004 aci: o^e*)!?^''^'^'; y^mz-^t: 

mmmyxfu 1002b. y\^mm}^m 1 0 0 4 1 . 
i^^i^ 10 0 5b ^^thm^^mi^^mz^\.^x 
mxhn. ztiizx-oxx/u-r-y bimmuz. z</) 
mui 2't'yhm^^ix^h^\ ^tiaiim lx v ^x 

loose] tfz. WiKr^yr(7)?§i&f)^i^^<Kc^^m^ 
(cti. i^mcnmE^^mMLx\.^imi>z. ^{Bco'^x/n 

i:kti^tX. Zti^lScKlzfft^^XiK ZtiizXr^ 
T. a-y-, rya-r-cnat^ y hLl-^-yhXiS 
UZ.}iizKci>. 

( 0 0 8 7 } la 1 3i.i:^^mm\(rf^p^i^m^n'^LXh 

0^ r^X/N llOla, b. c. d. e^^X/\iS^n^ 
f9.llO 5(C-lg(CH:"/ ht^. lA(OyXf\^fmW^ 
1 103. 1 1 04C^a^yX;H 1 0 2a-'l 1 0 
2e/^<ISl!^fLTl^-^». /X/P^Piti, '^xysH^^pg 

(00 88] 5^(r>^XJ\f,i^ fS^ Hill 4_L$:7H¥ 
^m^mt^:^^^ 1115a. 1115b. 1115 
c. 1115cl. 1115e. \\\5i(nmz^<n^ 

cm-^^^xm&^fih. 

(0 089] 5':>OyX/H 1 0 2 a-- 1 1 0 2 e (C 

^affii^t^i 1 1 imm^i 1 1 s^itLxmm^ix 

[0090] f#*j|f5gt'#/ XyU;t>^^cOgS*c7)i©ltfi^ 
E;b^^^^ii:/::ffe, ^'^ Kill HC?aoT. :^yX 
;H I 02a-l I 0 2eli, ^x./^<r>^m&MtX'^ 
ifiU. 'Vx/x^^JSIL^:*^^/?^ Kl 1 UC?a->Tm 

\,A±^±.Lx y Xfi^ii^mmtx-mt . 

(009 1 ] HI 0-01 3^0gStCfci^Tii. -^XM 
<r>%mw^:m^^^h:itx\ ^x.f^^n^^'tKct-h 

(009 2] HI 4, HI 5(i:*5%H^tcffli^^>li^«^ 

(009 3] ^^O^^i^KitHfefejMffifS^r^LTfc 



w\\:.-n\^{zn\:.nMf§.X'mi^^hzti)^\i^%h. 
(0094 ] m^^Vicn--^<nm\(r)Mzm%mm-n^: 

(009 5] m^mnx'hh^x,JM)^^m^zR^%'^\,z 

(009 6) lo(i. ^^M^T^tm't^^^tc^l^^^lS 

^t^^isi^ig^, 2o@{i, ^9^mv<r)mmzWLim^mti 
tmh^-^x'hh. 

(0097] ^<n'^Ri:m±miz^^Ltzi)^<^m 1 ex'h 
h. 

(00981 m^i)^%±-^hmt . mmt-Cy^mz^sL^ 

x,/\mm<^w^w 2 1 fzmzm^mm-n ^H-tht. 
m:n'mA^mtt^z.<nmmzi ^h.tmi^fxxm-t 

h:it\,ztch. 

[0099] \'i)^m.-tm^t. 
ULhtcHo r I' ix^;o^ A 0 -mz^m-thm^j:'^mm 

-S. :i(r>i%^{z{±. '>x/\iofriSco^j^*2 l/::mc[Hl 
h^tAM^^nzX^'^mtihZt^z^jih. 

(0100] Knm<n^^w2 2 m. Ltzm^-n 

t^H-thix-r. ^^W2 2\±^X.Js^m\^X^^^:H-t 
^>tiX\^^hfS-fic<oX\ ^T'J y^mi^z^ 0 tX^rtcg 
<^McO«Rf*2 2^^^LTV^Ti. hi'f}^^j:^^h 

I). 

[0101] zi^htti'^itA.mizj: o^mmizmm-n 

(01021 1¥ or . ^x,/^^]o\^^^t^J:i)^^^Mth 

h t . ^mmiz^mco6fmmw\^(omij'hmi)^tih z 

'>x/N^v£1tlC^^p<-x>'A^^i:. ^^^^ 

(0 103li^^4 0J:tc(i, ;?.t:-K3yhD-/P 
^Ig^tt-:^' 3 2 $r$»-r^i&cOt-:5^Xl#«:3 6 1 . 

Y7h$l*«^3 7. 3 8;5»qil^$ixTl^«>. 
[0104] m^zm^40hU±. mi¥2 l $:Ih»£ 

^mifZ^thmm 1 3 3 1 . 

*2 2^[HltE^ggC5^-f^^cO|^2^7)1;/ur-i^('^ 
34 *^ll^^ixTt^l>. 

(0 1051 t-5'i^Y7h3 lHIX0fW^n/^c5'^ 
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'^/u h 2 7 (c J: o T R:^-(SKciH]f£^^ J: o {zm^^ixX 

10 106] nm^z^-f'y^yv^ xizmmhfv 
\kmzn^mcyixfz94 ^y^r-')2et\i. 9^ 

5 y y^fU h2 8f,zj:->xmi7\^ i^zmRi'^ J:olzm^ 

( 0 I 0 7 ] r- 'J 2 5 h r-g 2ef,zim~'mm^^ 
cor- 'J ^ ffl t V r-v 2 9 tr-v 3 0 tizh^-m 

[0 108] ^'-f 5 y^^ywh2 7, 2 8(>l5ii:{>c7)^ 

[0 109] ::9 LT^-^3 2c7)^:ft(ii^-v7 
\t^^^r~0Rl/<fUh^irLX9knW2l . 22{z 

im^ti. ^^*2 u 22mif\^. miSL^Tm- 
9^ ^y^'xm^^'tl. 

[ 0 1 1 0 ] H 1 5^6 o^immmi^ith •/ ^ 
[0111] y X/P6 0(1. T^m^^(^wmh^iz^ 0^ 

^^4 0 $ ix . y 6 0 C7){4^tc^-b-tf: T 

XM^o(51?^itf^^M3 57;)^'5I^^4 0±<7)|S(t^ii-Cc^ 

[0 1 1 2] HI 7<i. ^x./\2 0^%^thW\<^^ 

[0 1 13]«^*2 1. 2 2(1, ^XM^iK^L. ^ 
!#^^lli&f^^tT9fi^}^^4 5a. 4 6 ah, 
5a. 4 6a€:iIIfe$42 3. 2 4 t it(cioIiE^-ti:^^cO 
m&UA 5 b . 4 6 b i: . 0 Oii:i64 K 4 2. 4 3. 
4 4^com^«crfcl», 

[0 1 14] ^^gP4 5a(j:. f-^-/5 2^iLt/^SllEHf§ 
5e{zmk^iXfz1\\&%mzX 0 , E^>'N^^ ( 3^}VX 

r^jy^') 4 7 {zmh->xm^m2 3 tmxhii\^ m 
[0115] ^^^4 5 ai<7)^^i:^im(^z{mnopm^ 

(t^ix, [HllK**f^(7)^S§5 5(CiiiiLTv^^, ^Oo 

(DM^^ynzX ^:k%EX 0&EizM^^\^^tih. 
[01 16] ^m^2 1 . 2 2iiia 1 7 Cn^f J: o (C^ 

ji^^i:w:ti^^mthm^4 5 aLf)<mmm2 3iz/?^ h 

^iiT. JnEf'i-r5 2*^<^0SA?ii^2^(cJ:O 
^:^(ifriit--&, ^LX. &m^<^^4 7(,zxm^^1s 

iZtm-t^. $^(C^j^gP4 5a(l. lH]0il:a^4K 4 
2(CJ:0lHll£f*2 3t-^(C[HllK-r^, ^^i*:2 2(lg 

i^$ix/^'VXM2 0^fi^}^(4c2 2tc{iS^i6. ^f^L^c 
P^. ^n^h^tifzOX/\20tyXf],6 0t<r>iiLm:^^ 



Nc2 1^0-M^'^}^(^2 2J:0^\>^:hi)^i)-f^'hm. tfztk 

mzh^ ^x mi^ 2 2 (7:^'n/)^mi^ 2 1 j: o 5i t ^m^^j^ 
t^mmMmmKc^^Lmm^ixx^^^. 
[0117] zcomwcoi^mmmi^^mc^n'^mc^ 

[0 118] i-r, mi litZintJaoitzm^b'^fz^ 

X./N2 0 3 5CO/ y^izKchdm-^-yht 

mzm 1 Bcomiz^t^m 5 a^juuEs^^o^Ati 
xnmm^^mi^2 ii,z^x,j\mm/^^^^h. 

m^i^2 Ul. m^hitfzOx,/^20^i^Lm:S^^^^3 
5(Oyy^iz^j:hh'rztT^n^h^tfz'y:ii/^20cr, 

^^^^^^thZti)^X^^. m'^hitfz'y:L/\2 

oi)\ iEmimi,zgk^^tiit. m^h'tfz^x./s 
2oa)^±m<r>mmjmzyXfi6 0i)<{iLmL. 

Jbitfz^Xf^2 0 t/Xfi^e 0<7)m^f)^ 1 0-3 0 mm 

(,ztj:hmmz^j:nXK^h. mz. ^^i^22<om^4 

6 eim*1^I^Zmm^'\tm^hitfz^J:^^2 0iZ^ 

^±i^h, m^Mrz^x./s2 0it&m^u^j:')m, 
■th:htn^^m:hizx m^^iiHzM^i)-i)-im^ 
x{¥±th. zmEm^<^^i)^^±th:him^me 

am^^^hitfz^J^J^20^^mi'h:h^^l''j:^^(^ 
xnE^ 5 5,57 m^K^mm L^mil^<^j:<^j: 0 ^ 
XM 2 0 ^^^Tt" ^ .1 h (1^1 \ 

[0 119] mz, >-Kyr6 2^>^yx/u6 0tcfflga 
^m^^xm ^h-^fz ^xj\2o <r>m^t\^<o^^c^(^z / 

Xfi^6 0i)^i^mi^Uz^&^^hXh. CC7)B^. Xt- 
K3>'ha-;p^-^3 2S-IlIte$'ti:-g>^i:(CJ;0, 

m2i, 22mm^t^xm^^^^xj\2o^\B\ 
Ic^it^, SEa«s(l. '>x/N2 0c7)ii$:^rsico+C4c 

$yfz^ztx\ ^mmmzhmEmi)^mxL. aso^ 

-b-tt/Oxy X 2 0 ^ 2 mzW L/£(f , ^*^&^tc(l 2 i*(C 

[0 120] zm. muzmi^z^ m^^^fz^x 
^\2 0izmKmii^mzi)-f)-n . trz9k^W2 1.22 
(las n ^hi±fz^xy^ 2 0 ^ai ^ 'Sithiji^iz^ii^'ti 
:h^i)^ifx^^lcr>x\ fi^^'^h^rz^x./^2 0j)^^mm 
^KKHzw.izf^riXi^^. ^mLfzmm±mmL^j: 

[0121] tfz, mi 7-20(C^L/c'>XM5^# 
S(i. ^^*2 1. 2 2{zX^^XJ\-^-C:>W^tll5{^ 
l^zM<i)'i)'hXdizLX'$i^-th/)\ ^J^«s2 K 2 2 
^Mii:^f^(c:^7^^>*^& J: ^ (i LT f cotf LftttEtc J; 
0'>xyN^fi^J^-r'£.^ttT'#&. CoL/cJ^L, m 
E?K(lfi£ 0 ^i^-tt'^x/ N 2 0 ^Wimhi'i)^^j:fm^ 

i^n^j:i)<hmxLXK^^^ m^mzit^x/^^ 2 mz^ 

$l-th. ZCOIj^XU. mi^2 1. 2 2c0|5ira$:fco 
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mK^m^i)^ 0 , Wimmi^ztc hzt t^h h t^^ . 

«s:2K 2 2izmmifmZ'ni)<i}-i)-->Xi^hm^. P-iSO 

xmx'^^. 

[0 12 2]!^. ^±lfZ^f^lfzm-^h'^fz^7X/s 

2 mzj^mt hct i)<x' # ^ . 

(0 1 2 3] ULbOhfcO. *^H^(:J:l>^^gl(i. 

mm\^(<zm^^m^KxLXv^i. ^mtw-mif 

(0 1 24] X. ^^mirmm^^L. ^©h^mc 
w-mm^^x. s.mz'^xxLx^^L. mi^io^jr^ 
mmt ^mz^m^'^xm^mmmiz'Mxx l x 
^\ X. m^^i^izmf)'ix{jX^\ 

(0 125] 

immn 
mm I) 

( imco^^M • yXfu^) itiafiio . o i • c m 

COPS {J)l»v^{iNM^tl)^hLT'^l>. )co^icn 

^miksimm. HFmm^izh\.^x^mit^i:n'o 
fz. mmi\:^mmTcob}s^Th'yfz. 

(0 1 261 7 (mA - cm-2) 

S®{t^?lgffi: HF : H2 O.iC^ H5 OH-1 : 1 : 
1 

B$^: 1 1 (^) 
^TLWS icOlfA : 12 (jt^m) 
(0 127] Kii^^'oSxf^'^vv/US il 

irBf^^-^hfzMZ. ^(^f^zjf^mtixm^K f/i-e' 
(0 128] ^iinsi mcom^u. ztit^zm^xt^h 

[0129] Ct^^$rffi^#ffl^4^4 0 O'Ct' I 

mti fz. z(7)^itiiZi o^TLWs i <^Kcr>\^mm^ 

imTmhtifz. C comes l ico^®^: 7 -/Kt^ 

(nmmco^m:Uzm. i±(icvD^cj; 

OmtSaSi^O. B/zmxtr^J^^^^A-yP^^L/c, ^ 

(0130] V-XffX : S i Hz C 1 2 /H3 
/fX^S.: 0. 5/180 I /^m i n 
;yxE:^ : 80Tor r 



9 5 0-C 

RSc:^?!^ : 0. Bjum/m i n 
[0131] ^^tc, IfeSiihLT. <IcOXt'^:^>A- 
/t-S i mmmiZ^Mitf^zX 0 2 0 0 n miOK^tM ( S i 

Oz m) ^m&uz. 

[0 1 32] iiiSiOz mmmtmizmMUzm2(^)s 
imwiiTy^mt^mh-^h^t. mm^-^fz^. iiso 

fz. 

[0133] ±ificoJ: 9 LTJBfiSc^ii/jfiA^b^^ 
^, 03C^L/::g^$:ffl».^T^^tt^<, PoSO-^io 
'\:tfz X/ N $• r^x/ \^j$«ctc J: o r xy ncoPI® t!?^ h 
xT^it(ci"C-&. ^cO^'^XMtO'^^'Jy^^T'm^^ 
ii/viPgi^tw. ^(^Lti^zim^ixfzmmy'J-cn^t 

-^'-v-'x -y h^O- 1 5mmcoyX;PA^^>2 0 0 0k 

cnm^hit^m im) i^z^n^^ui^fj^^m^Lfz. 
^ Lx yxfummmmmifZj: o /x/u^iSEcoj**/)^ 
'^^'J yrTm&^tirzmmi>zri^->xnwrt^1j\^izM 

*106 {fzttii. hy. y-ym^.^f^. i^'J=i 
-yzfj.^ ^ri:) ^fflv^^t. '>xA7^)<®f^ti^i::;fiSi 
ti^(t^^ci6'>xyN^^ ft tc^ 0 ^^iiTt: t C 6co^?L 
MS ilgptc^>^SE7k^vSAL':7XM^^j||-ri>::h^^' 

[0 134] -^co^ss. Tt'^micomi^mmizB^^ti 

ilco-a3i/\ IS2coSteffl!l(c^l5$ixAv:. micoStK 
f^ffi(c(i^fLWS i a);^^'yfz. 

(01351 ^(om. m2comm±.iznm^ixrz^jin 
s i 1^4 9%^m 3o%imit^m^tcoi^^mT 

^y:/^tmzm. mSfHSi^xyf-.xh /rco 
ftntLX. mes i(i^tRX'./f-y:/$ii, ^^cc 

mi^tifz. 

(01361 n^KmS i #$Sfa(7)i|(X .yf-y:?^?0[(CW 
f-S.x-yf-y>/ilJg{i. Sy)T®<, mW^OX y^ 

l(ciD{t^x*y^v^g (S+^y/xha-A^jg) 

(0 1 37 1 -r=5:i^-^. SiMim±.i>ZO. 2umcr>m 

^^i^-yfzm^ns 1 mmMT^fz. mws i c7)5i 

IRx -y y /(3 J: oT i ^tSfa S i ® (cfiM ^^IWi'S: 

i)^'ofz. jB^^n/vimfeB^HS iiicoKif^srt^stco 
v^r ioo,s^a^L/ci:<r^. Ki?coi^-ii*i2 0 1 

n m±4 n mTh-^tz. 

(01381 m^m.^mmmirzxmm^.cr>^^. s 

(01391 ^ i^tC^^ft'T' 1 1 0 O'CX'^Mm^ I ^ 
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[0 14 1] tfz. mi(ommmiz^-^fzPJins i t 

*^v^{i:^^(g^^7)^®3lO:S$:J6LTSl/^?^l 
[0 14 21 {mtm2) 

( 21(^^7LW • yX/U^S) IttfttJO . 0 1 • c m 

[0143l£iS^ 

7 (mA • crn'M 
^ffifl:fi!c?§?S:HF:H2 O : H5 OH-1 : 1 : 
1 

mf^: 5 {^) 

mi^O^TLSS i^W*^: 4. 5 (jum) 
l^2gpg 

mmmm: 30 (mA • cm-2) 

: H F : H2 O : C2 H5 OH- 1 : 1 : 

1 

KJS: 10 (m 

m2<0$r^'^Si(7)mi^ : 0. 2 (//m) 
[01441 ^?LMS i 1$: 21t8«t3t-& C i: J: 

iSMSi$^Kns\m<^m^iiztiizm->m^r. o. 
(0 14 51^^^. 2mBcn^^nsxmmmm3m 

[0 14 6] ZiOSS$:e^1?ffl^4^4 0 0X:T'm^ 

Omfe^BSiS-O. 3uniJ:-\^9^iy^)V^^Lrz. ^ 

[0 14 7] ^/-XijX : S i H2 C 1 2 /Hj 

0.5/180 I /m i n 
>yxE:t] : 8OT0 r r 
950-0 

: 0. 3jum/m i n 



(0 1481 ^^^(C. mmtLX. CC0Xf5^^r^v 
yus i Ji^StzSftSfkiCct 0 2 0 0 n m<r)mm ( S i 

O2 1) ^iB^Ltz. 

(0 149] ijs i 02 m^mtmzmnLfz^2(ns 
imWL<n^mt^&^'^h^t. \^^^^fz\k. 1 180 

fz. 

[0150] ±iecOj; oiiZLXmWL^tifz^'^h^mL 
^1. ia3C^LA!g^$rfflOT5hSIL^j. ^g^OiS^ti 
lltS0^1i:[5l^ri>':>;^c. -eco^^. lt^^\<r>mw^ 
m^zB&^ixfzS i O2 1, xe5'^>"V/^S il. 
J:t/^?L^S i^^O-gP*^'m2£OgMcm5^^i^c. 

[01511 ^OfS. |g2c0SS±C»iS^ii/;:^7LW 
S i ii^4 9%»Kt 3 0%igK^l:7fc^*h£7)^g^^Kt' 
tt(i^L^)t^^^^alfl^x^y^y^L/::. mtSa^aS mx.y 

^y^^fvr\,zm. mfeasi$rx./^-xh-yrco 

[0 152] SiSiLI^JiCO. 2p.m<r>W 

h-^^->fzn^^^nS i l*<ig^T'^/::. ^?LWS icOiM 
tRx.yf-y^{2j;oT L^^b^bS i lti(iMi^>^{«i=S: 

v^Tioo^.^ai^L/-^^c^. ^/fcOi^-tt(i2 0 0 
n m ± 4 n mX:tb^i'Z . 

[0153] S 

xm^z\mfzti:\^^^xm\mx^fvr:^h^ . mt^^ 
m.t-m^^fix\^hz,tifm%^Mz. 

[0 154 1 ^hkZ^m^Xl 1 0 0'CT^Jl!lS$:m 

5 0//mftcomiST'CO^i^2Sffi^(iJ3j:^0. 2nm 
t'ii^K$^Tt>l» S i '^XAiilsi^T'^o/c. 
[0155] K^tK^i. xe5':if ^A'/ua^®T'^r< . 

^2(nmmmm^\^x\, . ^<m^kzm 

(0 156 1 tfz. %\<rmwmz^->tz'^'^%s i 
^(n\k. 4 9%^Kt 3 ^x'm.wym^^Knm.^m: 

}g^^L<c>&^^^S»^x.y^y/L7t:. -e^ti^. *sr- 

-/u, hh\i^\t^Mmmm<r>^wm^Wux^xf%\ 
(r>w^tLxhh\^\m2(r^w^tLxm^\^. Ji^l 

(0 1571 (^?L®S i -h^fTi-ytT^iX 

itfiCiO . 0 1 Q • c mC7)PM<7)S^ 1 com^B^aS i 
HFj8ffl4'tc*5V^-r^fii{l:^$:^T-:>/'c. 

(01581 WMc^fmtmo^t mxh-yfz. 

[0 159 1 mSa^Jt : 7 (mA • cm-^ 
^fii^k^SfflE: HF : H2 O: C2 H5 OH=l : 1 : 
1 

1 1 (^) 
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(01601 ^<7)sts^R^s?Hm4>4 0 ot:t' i 

[0161] V-X^'X : S i H2 C I 2 /H2 

0-5/180 1/m i n 
;yxE:^ : 8OT0 r r 

: 9 5 O'C 
fiE^^ilK : 0. 3um/m i n 
[0 16 21 $4>tC, ^cT^xh'i':^ i.^- 

/US i mmm(.Z^mUzX 0 2 0 0 n mf7)gg{l:j^ ( S i 
O2 1) ^m^Ltz. 

(01631 :izxikmmm^:^t:9^i^^fm/$^K 
ss i ^rnhh^m^^jins i /mm^rnhh^^i^^ii 

(01641 mh^hithml^zi^z coryX-^m^mcT) 

mmm^'if^K ms i 02 mmmt. mizmmLrzm2 
(7)S i m^</)mt. ^Mh^h^t. mfii^^rzm. e 

(0 1 6 5] ±.il<r)XoizLxm^^tifzM'^hitmWi 

msiz^^t^m^m^'^x^tiiLtz. ^mcn}m(.m 

izm&^tifzs i 02 m. xe^'^i^r/us ii, tiX 
t/^nns im(o~s^i)<m2comwLmi>znm^tifz. m 

[0 1661 ^(7)^. m2<7)mwiAL(rznB,^tifz§^iin 

S i 1 4 9 %^^t 3 0 %SBg{bkS7kfc i7)2g^Str 
tt(iAL^7!?^'*^iSS«^x.yf-y^L/::. #tga^aS iiix •/ 
^vii^^ixt^z^ 0 . ^tea^ s i ^x ./ ^ - X h y r 

(0 1 67] -r^r-b^. S iS£>fimJ:tC0. 2/imcO/? 

^^j^ofcm^sas i mt<m^x'^fz. pv<ms i oiM 

«x -y ^ y ^^tc J: o r L ^tS^p S i ^ tctifsi ^{tli^: 

1 OO^L^ffl^L^^tC^. I^c0l^-tt^2 0 1 
nm±4 nmX'h^tz^ 

(01681 ^^^SSSlMtC J: ^Kffiti^^iS^ . S 

im\>z\mfz^j:^^B%w,±m^KZixxhCy^. m^^^ 

[01691 $ ^(C7f<3^4^T' 1 1 0 ox:xfmm^ 1 ^ 
f^'ij^K mmm^irm^miim^mxmmLfztz^. 



5 0fxmncommXW-i^2Mm^iihX^0, 2nin'C 
xi^rtTPI^^lTt^^S i ^X/\tm^X^->fz. 

(0 1 70 1 fi^it^ti, xf5'^^A^/H^isr^<. 
10 17 \] ^fz. micommmt^zm^rz^Kns i 

4 9%?6Kt 3 0%i§K{l:7K^7^ct^7)^g^?gt' 
flE^i^L^*^'^biM^Kx•yf•y:?^L;t:. ^<7)^k. ^^r- 

^S^tLT*>^^^*i^2coSSi:LT^fflt, ±i^L 

(0 1721 ^llSfeWi. xf^^^^i/^yUS il^^BfiJc 
^ ^ Vei A L fzmXh Ji\z'9^'^\ fl'^miz 
^fLHS il4'*>^t^ii^?LSS i/SimW.mi^z^ 
:tviiALTi^v^Tii:i\ 

(0 173 1 (IIS6fi?!l4) (-f;f yfT^ji;^(;:J:^/NV 
/H - yX/i/^g) 

^ 1 cnm^sS i S^amc, Ife^li: UTSig^^tC J: 
'OlOOmnCOmm (S i02 ^) ^Jg^UJo 

[0174] zzx-immm^s i s^^t^tc^i* j: ^ 
ti. micnmwi^mi)'h^:^y&XLfz. ztuzx-^ 
X. ^umtLxm<mi)\ tk^mmcommi^zm^ 
%^mhi^^imx-^ ^ym<^mii^mmizxhmi^Mt 
Lxm^^tifz. 

[0175] Mh^hitiwif^zi^z coryx-^mm^i^ 
m^m^n^K i 02 mmmt%^zmMUzm2<7) 
s i m^commt i:mh^hit. tm^-ttzm. 6 0 0 
^a7)iSLmx'iommcr>m}tm^L. KAO^i^-ti-^*^^^ 

->fz. 

(01761 U^c7)Xof>ZlXB^^tLfz^^hitm^ 

^. m(r>mm^:m^^x^^Lrz. ^^(Oj^mitmm 
1 trnm-hr^ti. 

[0177] -e^otsm, TC^mi cOSSa®(C?g^^ix 
2cOSMt::^iS^ix^v:. 1^ 1 coSS^Etcii^^lco 

(0 1781 ^cof^. ^2£7)SS±«#l6$ti:rc^gll 
^4 9%i:^Kt 3 0%5afi^?^bk^*t£OS^?RT'tt£(i 
^L^;^>^'^>5ltRx.y^>':rL/::. mtSa^aS i iix-y^y 

^^fLl^C^O. mtSa^aS i ^X-y^y/- Xh yrO 

W4tLr. 5i-^^<iiMf«x.yf-yi5^$fi, ^itizm^ 
^tifz. 

[0179] mixrz^mm^<-['Wzm\f^i^'^i.z{±. z 

cox y y :/Xg(i^ < T cfc o . 
(0 180 1 -r^Sri^-^. SiKft:jS±lcO. 2Mni(nm 

^m->fzm^BS imi^m^Ttfz. ^^siositRx 

•y y ct o r t #l£^a S i m (liifSJ ^S^{k(i^f 

ffM$n/::m^5B^BS imcof^m^m\^^m\>zr>\.^x 

lOOj^.^m^LfztZb. K/f COi^H±(i 2 0 1 nm 
±4 nmXh->fz, 
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[01811 mr^m'T-mimizxmmmmco^M!^,. s 

[0 18 23 $*^ti7KI^4't'l I OO'Ct-;^^^^ m 
5 0umncr)^mTcO^i^2mm^iihX^0. 2nm 
[0 1 831 K^L^ii. Ji^^^i^A^fUmmmVKc<. 

[01S4] ttc. mi c^mmnz^-> fc^^m i 

[01851 ^mmU. S i '^XMiO^SfiJS^: 
^ ^ y axe J: I. ^«t/i LT m 2 co&mzfmth 

?r y ?± AC J: i» $r L T ^ 2 COSSC^IS L T 
J;v^. tt:. ^^mmmco^ T^yi^Xmzms iOz i: 
^iLT*^^^Xf^4ri^-v/H^JBf^tT®CS i O2 

^m&Lxtk. m'^hitxmzK-yx , xt-^^i^^ 

yui ^ ^ ^ y ?± A 13 J; ^ ^ f^ L T ^ 2 (nm^ tifl 
(01861 (mmi5) (-^x/N^/lc^. '^x/x^^ 

[0 1 87 ] f^m{\:^mmTcot^^x'h'^fz. 

[0 1 881 nmrnm-. 1 (mA • cm-2) 
^mmmm-. HF : H2 O : Cz H5 0H=1 : 1 : 
1 

B^^^: 1 1 {^) 
^7L®S icOJ?^ : 12 iixm) 
(0 1891 ^?LSS i(ii§iR,Mxf:5^:^>'r/US il 
m^^'^hfziib^Z^ m'rtnmtLXWi^^hh<r>{,<7} 
X'hh. 

(0 19 01 ^?LSs xmcr>m^\x. ^i^lI^l•ot^^^^ 
[01911 z(r)mm^mMnm%^A o o-cx- 1 at^ 

O^ISfflSi^O. 3/imxe5'^i/-v/U^:iL^c. ^ 

(0 19 21 V-X/fX : S i C I j /H2 
/fX^&: 0.5/180 I /m i n 



;y;^E^3 : 8OT0 r r 
: 9 5 ox: 

0. 3umXm i n 
[0 1931 $^>tC. Ife^^hLT. COXt'^'^i/v 

/i/s i mmmifzm^itizx o 2 o o n m^^gg^i:^ ( s i 
02 1) i:m&uz. 

[0i94iiiiSiO2 mmmtmizmMLfzmicos 
immmmt^mu^hit. mm^^trdk. 1 iso 

•CtfOiaSt-5^fa^,^3!aS^L. m^h^i:^Z^j:-> 
[01951 ±Bcr)X otfZLXB&^tifz^^hitmm 

m5i,z^.uzmm^m^x^mLfz. r^, i^5(c^ 

(Z^^ J: ^ tc;!? -t -y h ^ 2 0 7 (Clo/c. 

(01961 -^c7)M':7XMi7)'<'<'j y^xm^^tifzm 
mz. ^<r^mnizim^tifz^:r-s^-i^jL -y h^s^ 

0. 1 5mmCO/X/U20 2. 2 0 3;^?^^^ 2 0 0 0 k g 

m^hits^m mm) (^z^'mif\^f)'^m^Lfz. ^ 
xm^^tifdmizi^o xoirz^^^hifyx^^irm 

Ifl^l^zM^Ltz. 

[0 197 1 ^olfztZb. ^?LWS il^^LT^; 

^©D.K-y hX'micomm.mtm2<r>mmmiz^mix 
[0 1981 mi(^mii^^mffzm^^tix\^^fzs 1 02 

7&^'^2<7)gS(ffl{c^iS$ixy::, m 1 ^0S«^®Cc(i^7L 

[01991 ^(otk. m2<o&Wi±.izfm^tifz^Kn 
s i 1^ 4 9 3 0 xmiit^m^t 

}t^^L=5^*<^^3i^^^x.yf•y^Ly::. #*SB^BliSix.y 
^yi!^^ti-fi,zm. ^feSSi^x y-f • ;^h-yro 
Itf^liiLT, ^fLWS iti35«x.yf-y^$fi. ^^tc 
m^^tifz. 

[02001 S iK^bl^±tCO. 2jumOJf 

{Rx.yf-y^tcJ:oT tm^B^BS i l(c(if5i^5:{t:(i=^ 

t^T10 0,^(^ffl^L;ti:^^, J^J?£Ol^"tt{i2 0 0 
n m± 5 n mX'h^^Z. 

[0 20 1 1 mm'iFmmmirzxmmmmm^.. s 
\mi.zmfz^j:m^Bxm\mx^iixiih-r, ^mt^ 

[02021 $ ^(tZTiim^Tl 1 0 O^CXI^M^^ 1 
5 0>L/mfti7)?Si^T'^O¥i^2mffl$a*ii:^0. 2nm 

(0 20 3 1 mimu. x\::9^i^^rfi'mmmx'k<. 
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[0 20 5] {%%me) {/Xivay^^mh) 
itKUo . 0 1 Q • c mops^i^ 1 ^omis^as i mw. 

(0206) ^mit^^mmfcn tmx'h->tz. 

(0 2 07 1 S^SriS: 7 (mA • cm-2) 
^fi^{W?§« : H F : H2 O : C2 H5 0H= 1 : 1 : 
1 

1 I (5)-) 
^TL^S : 12 (jum) 

[0 2 08] ^TLSS Ki^p^n^xfrJ^^xA-yl^S 

[0209] z<nm^^WMnm%^A o ort- 1 
mL. ^i(nif^m(r^mm^mLx . ^^'^s \m<^^m 
^^mmT<nmx'hh. 

[0210] ^/-XijX : S i H2 CI 2 /H2 
;yxg[fi: 0. 5/180 l/mi n 
iiXSih : 8 0 T o r r 
fig: 9 50*0 
*:^ilJg: 0. 3jum/m i n 

(02 11] le^li^LT. ^iOXh:5'^ri^^ 

/US i m^mz^maz^ 0200 nmcog^ftK ( s i 

[0 2 1 2] i^s i02 mmMtmzWi%Ltzs 
(n^mt^m^^h^Am,^^tz\k. ii8ox:o?s 

(0 2 1 3] ±id^J:^lZt-C?^«$n/^te^b-tf:^ 

teO'&io^/::'>XA3 0 1 ^SiKcjiTT, f £7)i^^x 

iX/v:'>:r-^->''x y NS^O. 1 5mmi7)yX/U3 0 
2*^^2 0 00kgf/cm2 i7)E:^T'gE(7)f€*$: , 
flA0'&ib-ti:^x/NCOfiA0^i5'ti--^E (^S) tcWSc:^ 
m^hmiUz. f LT. '>xyN£oaAO'^i:>-t^ffii:R- 
®rttcyx;u3 0 2i:-e<oyx/u^TOrtTatttcmffi 
^^^ht. i^x-fV(nm\.{,z.(rmHX'%hfih. 
[0 2 14] Z.iLX. ^?LHS i^$::frLT'>xyN(i 



il/^S i O2 m. xe^'^^A'/US i/i. ioiJ/^TL© 
S ilco-a?^?<^2coSMtcffl5^^ii;::, l^lcoS^ 

[02 15] f cOf^. ?F52<7)g^Ji(cf|ig$ii/j^?LS 
S il^4 9%»K^ 3 0%m^l:^K^;^^^7)?g^^gt' 
M(i^L^*<^iM^^x.yf-y^^L/^• miSaliS iliX y 

f-y^^ix-rtc^O. f-^TfiS i ^x yf- • xh-yrco 
m^tLX. ^?LWS itiiMiKxy^-y^^ii. 

[02 1 6] -r^-b^, SiK^LKitCO. 2MmC7)|f 

t^-yfz. B^^Mz^^^^sxmmm-^'^^^mz-^ 

\>r(^\^^A^mm^tzt:Lh. ^JIOi^-14(i2 0 1 
nm±4 n mX:^nfz^ 

[0217] ^^%Ftwmmz^ hwm^.<n^^. S 
\m\z\mfztc^^^%mx^x^nx^h'^ . mta^ 

[0218]$ C^i^zA^m^T 1 1 0 O'CT^Mmi: 1 B# 
5 0jtim^<:0fSJST'i0^i^2^m$(i:ioJ:-e0. 2nm 
[02 1 9] KitMli, Xf5^:iri^A'yU^^®T'^<, 

m2co^^®(iffMLTi. ^(om^izm 
^Lxmm(r^ie^mm^tii>. 

10 220] tfz. ^l^^iailtC^lofc^TLMS i L 
fcof^, 4 9%^i^^ 3 0%i^ii5££^^7K^^?g'^^gr 
}g^^L^:*^%iS!^^x•yf-y/t>^J. -e^Of^. tK^T- 
"/U. i>-5>v>(i^®iBg^^0^ffiJia^$:]M5LTflt/mi 
c0SSi:LT^&v^{i|^2c0Sffit LTf^fflL, 

(022 1 1 ^/::, ±ifiM£f?y 2 -4 £7) i 3 tc^Sa^: 
Jg« L/:: X/ Ni7)^^ ^ ^f -o h C >^> |5imi7)^^*^'^# ^ 
tifz. 

[02 22] mmmi) i^x^s^^si^) 

tiMtaO, 0 10 • cmC7;P^c7)^lco#|£Bl,S iS^ 

[02231 ^S^m^miUTcT) t^nvhr^fz. 
[0 2 24l^gS[|^^i^: 7 (mA - cm-2) . 

HF : H2 O : C2 H2 OH=l : 1 : 

1 

B#ra: 1 1 (^) 

^?L®S ic7)|f;V: 1 2 (//m) 
(0 225 1 ^?L^S itii^a^pSxtr^S^^i^T/US iS 

[0226] zcomwii:mmnm^^4 o orx- 1 

imxWhixfz. zcr)^^ns i ltf0^ffi^7 ygEt'3ta 



( IS) 
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(0 2 271 V-X^'X : SiHi C I 2 /Hj 
^'X^& : 0. 5 /I 8 0 1/m i n 
;</XE^J : 8OT0 r r 

9 5 ox: 

: 0. 3jum/m i n- 
10 2 28] $*btC. ^mmtLX. C^Xt'^:^i^A' 
;US i l^EtC^ftK^btl ct 0 2 0 0 n mcnmm i S i 

02 1) ^m^itz. 

[0 2 29J US m^mtmizmMLfzm2cr)s 
imu(r)mm^mt2^h't. tm^-trzm. 1 1 so 

(02 301 mcoX 0 kzLxm&^tirz^^hit&Wi 

(02 3 1 1 BA0'&b'tt/;:'>xyN4 0 1 ^mMiJ^^^l 

{ 0 2 3 2 1 9&')^h^tfz^x./\4 0 1 SrfiSi* 
y)fy4 1 3tC^*^om-fe-/ hLe^}#«c4 0 4tC(S«/ 
ffij^^-^;^^, iA0^i^'ti:/c4 0 l7t)\ fiS^i6fy4 l 
3t:'Srr^io^TEFi^:{iatCffi^r-S»t . flAO^h-frT 

L, fiA'9^i^li:/::'^xyN4 0 li:yX;^4 0 2cogEai^ 
15mmhL/^, Ol^'tl. ^^f^4 0 3 mD-^h^fz 

'>x/N4 0 1 ?!?<i3R^/^^t^^r^r 'J y^4 1 1 c 

^j:C:>'^XtElj\^izmm^itrz. 
[0 2 3 31 <XCC, '>:r-:?->^'x-y h;Kyr4 1 4;!/^ 
^>yX;U4 0 2Cifeai^$:^i^:».^*i^iliO^A, « 

U^i^. >'-V7^'4 0 6$:^V^TfiAO'&'i^-tt/:!'>xy\4 

oi(Dmm<^m^'n\^<^^*C'^i^zyx/u4 o 2;&^^>«ait 
^^^tizxn. m^h'\tt:^x/^4o im^^^ 

4 0 3 ^0fe$-ti-7^c. ^?LMS i lgptci^E7K;!?^m 
LI^»)^i?^/c'^xyN4 0 I ^2«cl¥Lf2;(f. 
izU2mz^f^X'^t:. 

(0 2 34 1 ^cnm. m2comi^±izwA^tifz^Kn 

5 i 1 ^ 4 9 %^Mt 3 0 (7)2g^^T' 
M^i^t^^^3^?^%^tRx•y-f y^L/::, ^.^b^bS i iix-y 

W4i:LT, ^?LWS i{i3l^x.yf-y/$ii, ^i^C 

(0 2 3 51 l-^i?-*^. S iK{l:JK±tCO. 2um</)m 

s^x .y ^y/(c J; o-c i^ts^as i muin^mm 
tct^-yfz. m&^ixtzm^BSim<r)Wk^^^m^^m^z 

0 n m ± 3 n mXh^tz, 



(02 36 1 sii§mT-®.ststcj: hmwmm^. s 
im^z^mtztc^^i'BXWMmK^tixhht. m^mu 

(02 37 1 ^ ^(i/K^^t- 1 1 0 o'cx-mm^ 1 
^wSi^m.'f^^wmm'mmLtzt^b. 

5 0wm^^7)^i|(T'O^1^2^ffi$«ii5i:f 0. 2nm 
t'iiSOT^ixTVv^S i ^:sif^tnmX%->tz. 
(0 2 381 6S{»i. xf^:^i^A-/H^®T'^<, 

m2(r>m^^mzm^Lx . ^>^i^(i. ^<m^\>zm 

(02 391 JlT^^. W^K^mm^zW-yfz^^H'^S i ^ 
f 50f^. 4 9%^K^ 3 0%jgK{l:7K^7(<fccoS^«T' 
}t^i^t^?&^%^^x.yf•y/L;^c. f^fi^, ;K^rx 

-iv. hh^^\mmmmma)mM^^mLxw/mi 

(r)W^tLXhh\^{m2<r)m^tLXmiL. JtaL 

(02401 i^c. uimmm2-'4<nxo{z^mm^ 
m^Ltz^x,^^^^mLfzt:ib^^(r>i^^m%hfi 

fz. 

[024 1 1 mmms) mm^Cy) 

. 0 1 Q • c m^OPmo^ 1 (nm^^BS i ^WL 

^. H?mm^\zh\^xWi%m.^'^->fz. 
[024 2] ^mm.^mmT<n}imxh-^fz. 

[024 31 m^/ti^^Jg : 7 ( m A - c m-2 ) 
^mtrmm: HP: 0:C2 H5 0H=1 : l : 
1 

B#^: I I {"Ft) 

icO/i^ : I 2 (jum) 
[0244] ^?LMS i (iSifpSxt'5'^^r;l/S i ^ 

^^^^'tti./'ci^tc, ^C:>{z^mmtLxm^^hh<r>{> 
(nxhh. 

[02451 ^TLMS cntcjSoTii>i^ 

•f, ^-^umi)-hm.+u.mW^tx'miX'^h. 
(02461 :i<nmi^mmmi%^4 0 o-ct- 1 b^s 

mitLtz. zaymUzX^f^H'^S i co?L^oi^Mii??i^ 

<nmmcnmi^Ltz\k. f^7LMSi±tcCVD^(iJ; 
0#teas i ^0. 3//mXf5'^>'^/^fiE:g:L;^C, fi£ 

(02471 ^/-XijX : S i H2 C i 2 /H2 

: 0.5/180 I /m i n 
flX'm) : SOTo r r 
iaS: 9 5 0"C 

0. 3jLtm/mi n 
(02481 $f>iC. J^^;ii;LT::OXf:$^:^ri^A'/U 

s i mm^\,z^maz^ o 2 o o n mc7)g?{kjs ( s i o 

2 1) ^Y&^Uz. 

(0249]MsiO2 m^^)imzm&^Lfz%2<ns 
iwm^mt'km^'kh^. \m.^^fz\k. i iso 



(19) 
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[0 2 50J ii0^i:>ii:^^':?x/x^fiiICiTt, fco 

^m^tlt:^t~:$^-'Jj: v h^^m^r^miO. 15 mm 
(nJX)\^t^h 2 0 0 0 k g f /c m2 coE^^T'^ffO^ 

[0 2 5 1 1 ^:^f^\mAa^W£^mxW^L^<n J X 

Mm 8 tc^-r^tcesis lt ^^/x/Nim® cttw l/c , 

(02 5 23 ^cn\k. ^2i7)g^±(c^iS$fL/^^?L« 

s i 1 ^ 4 9 i; 3 0 yoAWdm^ t 
m^^L'5:*^'^^iM^Rx.y^y^<L;t:. ^^S^bS Kix y 
^y^^ix-rtcSO. ^^5a^oS i^x./f- -;^h yr^o 
W4t LT. ^TL^S i(iiMtRx.yf-y/$fi. ^^(i 

[0 2 53 J -r=iri?^, S i Kfll^JttC 0 . 2;umC0/i 
;^^j^-:>7::^*SQ«BS i^;:?^Jg^T'^/::. ^TLMS i Oil 

v^Tl 0 0jS^^^L/.:i:C^, JKW^i^-ttti 2 0 1 

(02541 ^mFf-mmzx.hmmm.<n^^.. s 
[02 55] ^h^zim^-c 1 1 0 ^xixmm^ i b# 

5 0jum^OiaJST'W1^2*ffl^{i*5j:^0. 2nm 
t-aSTfiK^^TV^^S i ^XMi;l5l^-C'f>o/c. 

(0 2 56 3 ffi^t^li. xf^:JrxYyH^®T''5:<. 

[0 2 573 ^/o. W.\(nmmz^->tz%^^'B>\h 
^m:. 4 9%^Ki:3 0%jggEfb7K^*tcOig'^?Kt' 
}t(iAL^:?t?^%iM«?x.yf-y^<L/::, '?-i7)f^, tKST- 
-yu, ^>l»v^(i^ffi^^^coa®^afi^teLT^5lX|^l 
c0^tLT^SSt^tim2cOg^t LTf§&l3L. 

(0 2 583 t,fz. Limm\2--^<n)^')Kz%n.m^ 

(02 593 {mt^m9) (ffiScOjet) 
ItfitSO. 0 Ifi • cmCOPMO^lCOmSfaS iS^ 

(02603 Kffi^k^mi WT^O tty^Vf^r^fz. 
(02 6 1 3 mSESfS: 7 (mA ■ cm-2) 
^^^b«?§ac: HF : Hz O : C2 Hs OH-1 : i : 
1 

B$ra: 1 1 (^) 

^TLSS i(7)Jf^ : 12 (//m) 



[0 26 2 3 ^TLMS i(i;§p°pgxe5'^-^A'^US 

[ 0 2 6 3 3 ^irns i liO/i^ti. CiKCfloT*^^ 
(0264 3 C<7)S«S:K«I?H^4^4 0 O'CT' 1 »5Pa1 

OmiSa^aSi^O. 3//mXt*^:^v-v/U^:^L;^J. RSc 

(0 265 3 V-XiiX : S i H2 C 1 ^ /H2 
;:?'xafi: 0.5/180 I/mi n 
;y;^E:^ : 8OT0 r r 
^S: 9 5 0-0 

^:gjlJK : 0. 3/xm/m i n 
(0 266 3 $4>(w. ::cOxh*:^^i/A'/l/S i l^Sti 
iSKfl:t::cJ: 0 2 0 0 nmc7)S i 02l$r?gRScL/^. 

[0 267 3 iss mmi)Lmzm%Uz%2<ns 
xwm^mt^w^'^h^.^w^^fzxk. iiso 

[02683 ±ie<?^i otcLTffM^iiTtiBfi-^i:^^^-^^ 

1^9tc^rjia^ffloT^glL;C:o 
(0 269 3 m9(r>^o\iZ. W^h^fz^s.f^lC^\ 
^^x.) N^}$fitc 708(Cj:oT'^xy scrmMt^ hUtX 
^mziiXfz. -e^0M^x>\7 0 lO^^U y^^ffSfiR 
>eo±:^*)l,iUi{il^rtcffi^$fi/c3fi 

<:0'>^-5'-i^'x7 hSS^OO. 15mmOyX;U7 0 
2-704;&^^^2000kg f/cm2 cryK^VMEcO 
It*^. iA0^i5•t^•^x/^^oflA0^ipit^® (^®) 

(0 270 3 ^oLfztZb. $^KnSim^itLXO 
(0 27 1 3 -e^Ofe*. Tt^m 1 cOg«c^EtcJFM^a 

[0 27 2] -e^oa, ^2(omt^±izw^^rifz$^Km 

S i ii^ 4 9 %mtt 3 0 

K^^L^;!^^^SKx.y^y/L/::. m^Sa^e S i {ix y 
f-y^^^i-rtcSO. me^BSi^Xy^. xh-yrcT) 

(02733 <r 3 LT, S ig?^l:l^±(CO. 2MmC0/ir 
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n m ± 4 n in'Cf) o/c, 

1 0 2 7 4 3 mj^is.'rmm&(.zxhmmjmco^^ . s 

[0275] ^i^lZ7\^n^T 1 1 0 Orx-.^jSllii^: 1 ^ 
5 0jum^C0^iSt'i7)^i^2^ffl^(i:fcJ:>e0. 2 n m 

[0 2 76] B!{bJK{i, xt^:5':^i^-v;H^®T'^<. 

[0 27 7] ^y::, micomumizmr>t:^iims i h 

-/t-. *)-S.i\(ia®Wie^<7)Sffiii|ig^j£UTStX^l 
iOS^t LT^)^i^*i^2c0SSttTf^fflt, ±a^L 

[0278] tfz. ±timmm2^4<oxoizif^m^ 

fz. 

[02 79] tfz. ±Mmtm5S(r)m^j:^t-:^- 

[0280] immilO) (X'Jvhjet) 
itJSfiiO. 0 10 • cmOPSc7)^lcO*SfBS iSS 

HFm^^izi6\.^x^mim^'n^rz. 
[0281] ^mm^mmTcot^ o -^^^c . 

[0282] «:a^^JS: 7 (mA • cm-2) 
^mitmm: HF : O : OH-1 : 1 : 

1 

B$^: 1 1 (^) 
^?L®S icomi^ : 1 2 ium) 
[0283] iti^tPoMxe^J'^i^^yUS il 

^BA^itltzi^cn. ^C^iZ^mmtLXmi^h^<7){j 

(nxhh. 

[0 284] ^fLSS ilco/f^ti. ^iltClloTio^ 

[0285] z(7^mi^mm^m%^A. o onx^ i 

mxmhixfz. Za)$rJ[M S i Ico^®^ 7 /fiST'3S!i 

(r^mm<7)^W^Lfz\k. ^?Las i±(cCVDi£tcJ: 
Om*S^oSi$:0- 3Atmxe5^:Sr^'A';U«:^L/c. ^ 

[0 286] ^J-XijX : S i H2 C I 2 /Hj 
>>'X«£fi: 0.5/180 I/m i n 
;:?';^E;^ : 8OT0 r r 
iSj^: 950*C 

fi^^i^i^ : 0 . 3 m m/rn i n 



[0287] ^h\»Z. ^mmtLX. Ci7)Xh-5'^i/A' 
;US i lfcEti5!tgi*.ft(2j: 0 2 0 0 nmcoK^tM ( S i 

[0288]|^SiO2 mmi)zmzWi%Ltzm2(r)S 

\m.(nmit^%f^'^h^A%^^^fz\k. 1180 

[0289] liS^J: 0 ^^zLXl^^^ixtz^^iy^m. 

01 OCTF-fS^^^rfflt^T^^LA:. HI OC^-r 
i^tl. gA^J^b1i:/.:^XM$:SiI(ciTT. -^£7)pr> 
XMO's^'Jy^T'fSfiSc^^t^^^;^*::. 'eco±:^r^-g,c^ 
(it]:^CiSl^/i/::'>^--^'->''x-y hg^too. 15 
mm»|. :g^/)<5 0mmO-X';-/ h4*c7)/X/^*^^^80 

XMcofiAO^i^lir^r® (^®) C^rf^:trf6]>J>^A>ift|f L 

X'j -7 h(j:a^O-^ipii-'>XMCOfifiO-^:b-ti:^® 
®) tw^trtcffiSSn. ^tt^7)*S[*^'^^^fc^'>xy^ 

[0 2 90] -e^UvitC^. ^TLMS il$:/^LT'^ 
x/N^Zi^|iJ^^i/-c, 

[0 29 1] itn'^\<r>W^^m\iZm^^iX 
fzS i O2 1. xf^'^iz-v/US il. ioJ:l/^?LMS 

i m<rf-^i)^m 2 (Dmmuzw^ ^nrz.mi <^mmm 

[0292] m2comWL±.izWA^tirz^lLn 
S i 1^ 4 9 %^Mt 3 0 %y^mtMmyiit c^r^^mx 
mi^A^LKcii^hmiRJ^ -y^y^Lrz. ^ISa^aS mxv 
"hy/^tL-fiz^O. ^^H^flS i ^x-yf-. xh'vrco 
WPlhLT, ^?LWS iiiiMtRx yf-y/$ii, ^^ti 

[0 29 3] ^^i?^. S iK{l:K±(::0. 2umm 

«x y f - y ^^tz J; o T L m^a^a S i mi^zim ^^{Wi^ 

v^T 1 0 0.^.^ij^L;t:tc^. ^/i^oi^-iiti 2 0 1 
n m±4 n mT'^)o^v:. 

[0294] s&mnf-mmmizx mmmmi^ti^^, s 

[0295]$ ^(CTtcs^ct^T' 1 1 0 O'CX^Mmi: 1 

mi^y mm^^&.'f-m^mwimxmmLfztzb. 

5 0//m^co®i^T'^O^l^2^ffl$(ii>J;^0. 2nm 
t-ii^rf7|£^fLTt>-g.S i^JifMinWX'$^'ofz. 
[0 296] mimU. xt::5'^x^/H^ffiT^<. 
l^2cOS^^EtC?g^LT(.. $>&0(i. >^C7)^#(CJB 

[0 297] 1^ 1 co^lIC^of^^TLMS i L 
^cnm. 4 9%^figi: 3 0%jgig^l:7f<3^7Ki:C0il^?B[r 
}tti^L=5:>!?>^>^^Kx■yf•y^L/::, -eofi^, ^5^r- 
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[0 2 98] ^T^sT, i.^mm2-Aayxoiz'jmm^ 

Lfz. 

[0 3 00] f LTftSO^ib-t^fiCl^E^^WcNz Ty 
X-^^m^t^L. ^B!ra^4 OO'CT'l OOB^^rfo 

1 0 0 0X:iaTT'S)S9 7 0rT'4B$(^tTo/'j. 

[030 1 ] ^<7)&i(oxmi,im\ticommm i - 1 o t [ai 

tX'hh. 

[0 302 3 ZCOXoi^z. m2(0mmt LX. ^^^<r> 

t^m^^&hmmmum^^fz^^ut. mn^^comm 

1-1 OtCio(t^xe:J':^rx-v;US i IcOSStcffM? 

[0303] (^te^l2) (GaAs on Si) 
Jiie 1 - 1 0(7)mlmTX.t'^^^y^r/l'm^G^i A s 

m^tihit^m^mzLfzm^Tijmmzmmx'^ 

fz. 

10 3 0 4] ±m^Lfzm^m(tz^^^x. ^t-9-'j 

s,-fV<nK-h^^V^JX)VmX^ -^^1-^5 0 0-3 5 
00kgf/sm2 . 0. 1 mm-- (5fi*)^i?1i-'>X/N 

%m(n^'it) (mr:^mz%m:%fz. 

[0305] ^?L^S i JiCOGaAscOxe^^xr/U 

m^. mmcoifrnx-mmT^. cvDm^zmc>^^^\ 

[0306] vj±<r)^mmm{ziy^^x . ^ tyi^xmx 
u^Knm<r>miRj^'y^yyfRt Lx\t4 9%^ikt 3 
o%i^Mit^myi^tcr)i^^mi^zmh-f. n^. ^K+r 

SHRx-y^y^T'^^. 

[03073 fficOX^tcoi t , C C co|ltefi?tItc(S^ 

[0 3 08] im^miS) ('>XM^[5]f£) 
itfitt:0- 0 IQ • cmc7)P^c7)#^0^BS i*>i^^^R 
gtti7)r>xyN$r^l<7)SiSStLTffl«L. HF?gSt 



[0309 ] ^©^t^^miWT^Oii^DOt'^oy::. 
[0 3 10] 7 (mA • cm-2) 

^®fM?$?K: HF : Hj O : C2 H5 0H = 1 : 1 : 
1 

B#^: 1 1 (^) 
^TLMS iCOl?;^: 1 2 (jum) 
[0311] v:cO'^XM$:K^#Hm4'4 0 0*CT' 1 0# 

^Kfkt/::, zcr>muzxn^Jinsi(^K<7)fymi.^. 
mmx-mhtitz. zco^KMS imcomm^y-ymx 
^mi. KmmmmmLx. ^tl^sisoi^ 
mcomimcr^m^uzm. ^tlws i ±(ccvd^(c 

J:0#I£b^bS i ^0. 3umJi\z'9^i^^jUfS.^Uz. 

[0312] V-X/fX : S i H2 C 1 2 /Hz 
/fX^: 0. 5/180 1/mi n 
/fXEfl : 8OT0 r r 
iSJg : 9 5 0*C 

S;S;SJS:0. 3jum/m i n 
[03 13] $4>tC. teSlt LT, wOxe^'^i^A- 
;US i mmmitZm^iUzX O 2 O O n mCOS^UK ( S i 

[0 3 1 4 3 zoLxn^titzmicomLtimf^z. m 

2(0S i mt^t LTH^^^OS i '^XM^ffl.mU/::, 

[03 1 5]mi<os i&m<Dms lo^ i^st. m 
2(osimwi<ommt^mt3i^h^t.tm^^fzm. 1 
i8 0x:co?s]gi:'5^^co.^s^L. j^s«c7)aA0^ 

[03 16] mz^ 01 4. ^1 5. HI 7-02 OtC 
iF-rj^g^ ffli ^xm ^h^tifz '^xy n;!;^ ^> =5: -5> 

ttmm^'n^mmuz. 

[0317] cis^i^^ 3 5oy yi-iz-^h^tx . 

mX'h I "^xy strmmifZiLX XSMLfz. 
[0318] 2Rl/^:i,-:r5 4 J: OJPff $ 

ii;t:^^i^J[lEEK5 6(2«l&UT^}$llP4 5a, 46a 

i:^j:/\(ommRx/mmt,z{^^fx . m i s^x o f,zwM 

^ X.J ^cn^mRlm^f>Z'ttlri^m^ ^fz • 
[03 1 9] ^i-7'5 K 5 3 J:»)(»5l$:m^'>X/\ 
^^^1354 5a, 4 6a(Cll^Lfv:. 

[0320] ms^f^comir^mi. '^xyNcossa 

t>^coft||:^ffi]ELoSo(ci£ffi]^tc^xyxtcy<^.4 
7, 4S{zXli^^i:^lfz. 

[0 32 1 ] ^^^ry9-6 I ^mtfzm^x\ Tt^yre 

2i)'hmmnT^tt^j:^Myi<i^0. 15mm^coyX 
/KCBBIILI^2 00kg f/cm2 C0E:^Jt'7H$:«ltt- 
^ J: 9 {Z^yre 2 ^:Wif^i:itLibfz. 
(03 223 iiLmm>^ 3 5 ^1$®{l^(Cjijg$-tt-2> h 
t-5'32Cji^L. 5/^-7 K3 1 . '<.yUh2 

7, 28^itLxim$tifz\s\^fmMzxo . mt^ 

2 1 , 22^m^^^rz. 
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[0 3 2 3] ^X,/\im^^4 5a. 4 6a(cq5^-$il 

mmvmmzmi^mk'difz. 

[0 3 24] IE 1 9iZ^^tXoiZi^^ v9 6 I ^^^^ 
[ 0 3 2 5 ] •^^r-^^-i/'x y h>5?>^^7)7t<;:)^'^^^F/r^O 
(0 3 26] ^:f~^-i^xy bcr>m^t^x./\cr>ms: 

^^(7)mjR^'hm^^'C^i,zm^&^L. B^mmmio 

[03 27] '>xyN(iIg2 0tt^i;0^enTA, TBC^t 
U\^iz . :^ ^rSttr X/ N^7)[a]|£4^C^gp^/)^'af^ 
C^^Ji $ n -S. i: PIB$(C xy 2 0 i: o l^zmix h . 

[0 3 28] -eofi, *c^Ei^^*BfL, ^^^LZ-^^x 
A^ffij$gg45a, 4 6aJ:0W»)^rL/c. 

[03291 ^(n^k. ^2(r>m.iL^z^mtLtz^rLm 

S i 1(7)^ 0^49 %mh 3 0 %i§g$ifc7KI^7Kh ^0?^ 
^?fi[T'}t(i^L<^^;&^'^gl^Rx•yf-yyL^.^ zcn^AM 

m<^T(r>nmrifzm^BS itix y-f-y/^n-fc^s 

@S i (Ij^tRx yf-y/^ii, ^^Cl^i^ii, 

[0 3 30] LT. m2<7)muc^s imimi^iz 

0, 2//m<7)/S;^$:^o/::#feB^HS iS^Wf Iftg 

izxnXLm^sS imizi.mh^im^j:i)^^rz. 
^ixfz^^BS i m<r>m^m^^miZ'o\.^x i o o^. 

Sr^^Uc^d^. ^cOl^H4{i2 0 1 nm±2 nm 
[033 1 ] ^m^^i^UgCJ; ^WSffilgOlSS, S 

imzi,mfz^j:i^^Bxm\mx^tix:^hr. mKc^ 

[0332] ^hl.Z7i<.1^^T 1 1 0 O^'CV^.^mi: 5 0 

mn^K mmm^i:w.'f-m:hmmkTmmLrztz 

n mX^h^fz* 

[0 3 3 3] ttz. l^lOSteHtc^o/c^TLSS i h 

^(7)m. 4 9 %»B!t 3 0 %7&mt^m^tco&'^mT 
ft(i^L=a:*^'^bSlfl?x.y^y:/L/::. ^(T)^. mmm<r> 
mmmm^muz. 

[0334] mm^tifzm 1 cos^tc, st^, ^i&iM 

n<7)^i^^BS imcom^MitLfz. ^lx. mizmm 
^bS imcnmt^tifzm^m^h^fz. 

[0 3 3 5] Wii^I^tO^^Wi, ^imgcOgAO^ 



i^i^m^iijmt^mzLx^x/s^jfmL. ms^m 
co'^m^mmhiz^*^^BS im^^th2tkE^so i 
^WLmc:,iit:^ a±<7:>xm^< oiiLtfot. ^1*?.) 

[0336] 

"9 fficH lt^vi 0 -t 5> c t =5: < ^mmmmmco4-mi.z^ 
mthmi}^'^m\>z^j:Dztimm ltk*j: 0 (.^.r.® 
cn^mmi^^^mzmmzm^^^t ox-wimthz 
tmmiz^j:h. 

[03] ^^BflO^i-glgli^-^^^-tlH^ll, 
[114] 2ts:%BBc7)^J§|gl(7)SiJ^OB?!l$:^-rBlT®[l, 
[115] *^0Sc7)^g|gSc7)fiiico^i^^rim[l. 

[me] :^mm^i&m(^mzm<^m^^^tm^m. 

[US] *^Hfi^SI«:tiJ:-&«^g5^t^^^:^?£^55'J^) 

[HQ] *^0«o^^^^c7)|gtcfiiiofi?ij^^-r^i^ii. 

[HI 0] *%0Sco^i!ISfico|gtcfl!l^7)^$:^r«it 

(HI 1 ] :^%mco^^i^m(r>mzmcom^^^t^^ 

(n 1 2 ] :^^mcojfmmm(r^mzm<^m^^^i-m^ 
m. 

[[113] *^0B<7)5^Sfgl^l!(Cfl!!^OW$:^r^^^ 
[1. 

[[114] *^0BC7)^>l£7)^^ggc7)±®[l. 

([1 1 5 1 d 1 5tc^K^^^gg£7)Md. 

(d 1 6 1 m^^^<n^m<nm^^mm^hmm 

[[117] f*S«HI(::^l>dl 5(c^-r^^gS^Kff[S 

do 

(d 1 8 ] m^m^Bizhm 1 5(c^^^gigi:co 

KRSd. 

(d 1 9 ] ^8IKlf^^te1^®tC^^,-5>d 1 5tc^t-^^'^ 
gcoffir®d. 

(d2 0] ^^f^*^TB^C0imtC^)i>dl 5tC^-r5i- 
gl^ScOffiMd, 

1 ^1 cogent 

2 ^2c7)gPtt 

3 ^^^JS 
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[HI 0] 

imi] 

00 (b) 
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8} 



mi 9) 




[m20] 




(^^^iEll 



^^^^w-f^zti^zxn. ^mm.m^^mLcom(^z^ 
mth^^m 1 i>ztmco^mfm. 
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2t,zmwL(n^m}m. 

m^m8] mi^misinen^mmzx-^x^m^ 

m^m9] mmi-iz^^nnm^B^mi^mtmpK 
nm^B^mm(r>±i,zmfhtif-z^^$-n.nmi&^a^s 

Bm- h 9 \,ziiM<ni(^mmk\¥(r)Vf-m-nm , 

[ i«« « 1 1 ] Me#7L®mfea^«(*Hi , m I « 

'm<.zi.'>xm^^ixfzi><r)X'hhm-t^9i,ztm.<r>^ 
[fs^JB 1 3 1 mu^wiri^imh-nAt lt . ^ 

EcO*gSS:yX;UA>f>l!>:|iai-r'><— • XX ••/ 

[fs^s 141 SI <r)s«sii, #tsfBi/ 'J 3 vmm 
yfaim^L. t$i$'ii'sm^B'>>)^ym±.i,zmii's 

<tLir>cr>m:mi:itLxm-^h$ti. rnmrnii 

X -^xmaLitihrn^ 1 4 izim<7)^f^mi^m^ff)vm 
urn. 

^>«i.is*«9tciea<7)iii*«:s«ccof^K:^a. 

{ 1 8 1 ms^B^^m'f>&ii>m i (nmi^<nm 

•&<r>mi.zA^yi:'n-hQAiZtl,zi.r). Whfmmi: 

'ikhztff)x-^h^ ytyiih'j^i^mirm&i-hxn. m 



[ m^m 1 9 ] mim-^mcommcr)>( t ynho^^ 

mmtMz. m.W^^{iX4irynh'-ii.mi:WLmf 

iz-,m<n^mvmv^<r)vmfiii^. 

fc3S2<7)S(*(7)BiS0^i?-*ffiJ; 0 tJg}«fi«)5i®*«lt- 

(iS3)<ia2 1 1 msim^^^tmhumt lt. « 

Srfl?i^l.l§«iS 1 8lCie»<0*SflsS(*(0f^l!l:ft-S. 

[ mm 2 2 ] If «js 9 i.zBVi<^i7mx-i^m$tifz^^ 
I mm 2 3 1 mm i tm(7)^mmi: mrth^ 
I 'mm 2 4 1 sEcoTkcss: / xivt^h^ ai-t ^ 

-9- ■ yi yhj£tciOS[«s«-0J:^Wtl.CiSr1#S! 

t thmm 2 3 (=ie8co«-ggs. 

( iB*is 2 5 ] mam^m tmnyxii^ti: m^'-: 

l,zm^-^XmU^&i:^^$-^i>Zti:^mtthin 

^m2 4(,ztm<r)^^mm. 

I tmm 2 6 1 mim-^m sr ima / x/usr 

3ELTm[ie*55^^S$-ti-|.C t ^t^S[fr4iS^«2 

I If ^Ji 2 7 1 frie^^gptts- «^-ri.»^^ft t , m 
im^mmim-^^ixfzmi.zm-yxmsiyxii^i: 
^^m^ith/xii-mmimt. msim^mt 
mi^xiv t (ommni^^mmm & yxivmmti 
sfltfc ^-^thz t ii^mt thmm2 6 {ztmm 

■tmm^ti,ztm^tthmm2 bizHMKn 

[ m$.m 2 9 ] mids^wfi^ 4"i:>t lt siiem^tt 

ii2 6iciaK<o^)-stgs, 
[is^« 3 0 1 mie/x/uA«^ga*>4>^f I. t 
^ i-i-m^m 2 e izBm<ms&m^. 

[iS*^3 1 1 H!IieS^g8«$:^aLmie/X/l^«rll 
^LTine*Bg^^SS-ti-4>I t 5r1#ai:-f 2.li*«2 

[tf3<«3 21 B5ie«^att$:[HH6?-t*:I.Isie<Sti!^ 

imm 3 3 1 B9^^^tt<oiaie+'L^tcisntTfjie 
y x/u^ ^ fc attest •ti.is^ja 3 2 tcieK 
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^mizmti&ii^ $riK^ mh^^m 3 5 l.ziin<r>^t& 

urn. 

[is*Ji3 7] mam-^simi^mi.zimmmi-f'^ 
3 5i,zim(r>^mi}&. 



(7)ffil^Hc, irie3i5iac^3R2OK<^Hs<7)l3jlEC0|5l«|)$r> 
l.|3IS)i^S. (Hl«c-ri.B?ieJS-^gRtt<0(S3®t;jS«s$:ii>:& 

( il!^iB4 0 ] 8iIie«^S?«<7)IMffil:(ilHg5A«IS«t 

Mie ^ x/uo(aa?r^rt 4 f^s^ ^-r l.if 3 8 tcid 



[iiibB] 0^1 0fl9B 

{^tms.2\ 

(If 1 ] 51. >tc}g^$ixA:sa«osBtt^ w-ri.g 
-^m^. mwm<r)mi<n\i^mmtiiWj:hmiiiz 

^w,vi(r m^j.t.im.m^^^^i, mmf,zm.vi^i:vti: t n 
ii^^mhztizi.'T) ^ 'itmm-hmLcnmi.z'rt 

|fi^JS2tcl2«<^ii-fit:^*. 



&$tit:^KmA^h^j:mi^m2i,zim<r>^miim. 
[if*JS6i mi^P&ma. ^^^ytii^&Mzxn 
m^^ixfzw\-^i&i:'i%i>zt<ox-^ hmxhimm 
2izii&.<7)mi7^. 

imm ] m^zn^^$ixrcn&<r>Sitii:^-rhm 
^atitsr. mm^ncr)Sl^t^er)^^mmt^±}&^J:hm?mz 

fev^T, ^mhn^Sittcr)i^^Umzii\.^X. jgffco 

a. 

mm^i'B^mi^mff)±t,zmhtiti4^^iinm^a^ 
ii^mti^th^i ws«:S:fflE-rsxe. Mem 1 co 

ztizxn. mm^mi:$'Knmi'e^mmi,zii 
«. 

tis«js 1 1 ] mie^?LS#J5fB^*m. m 1 o 
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iimm 1 3 ] m^±iz^iinm^B^mm t mji 

ymf:m^L, mKnm^Bi^'j^ym±i,zmiin 
X ^tihimm 9 izi^ffj^»mmimui^. 
<i:t io<7)$es®s^i-L-ciio^i5$it. mmw,t 

[If^iS 1 6 ] BiIiei^2iOS»:(i:. 
^oai§(C'f3ryS:fr*>jitfCi:{CJ:0. et'hsijass- 

5*lfil<o:>j^±-ri> J; o=5r. ^^m^-^hiwm. 1 8 

*)2.IS*Ji 1 8tciaa<oi|i««5SHc£Of^»:^rS. 

S-ffl".^4lf*3a 1 8Ci£K<:0^«cS«5<Of^i8*S. 
[IS*ii 2 2 1 ltSJS9 {C^ao^iST'f^«$ii/^# 



1. 

iS2 4tciej8«?)^jags. 

(IS«J|2 6] frieS^gBtt5rll^LH!rKyx';l.$r$ 

[ 2 7 3 mm.^%Vi i ffi^-r s t , m 
im^^Vi<mmi^^ixrzmf\^z^ ^ rfriey x/p* 

[tf*«2 8 3 mi.JX)V^^^.^^KAzmW.z^^ 

t4<7))i3H$-ffie/x/i-*<[Hiic-ri. gMiS±lli*^s 2 
[IS«JI3 0 3 Biiieyx/i-A'mA^f.^i.i«^ia2 6 

SUTHtrie7tc»£^^±«.SSSMiai^iS«iS2 5 
[is^jS3 2 3 mw&L^^^^mA'thwm.m 

[IS*Ji3 3 3 frfa^^SBI^c7)igSE4"Wcr6l(tTfiie 
Clfl*«3 4 3 friaS^gPWc^IillE+'O^ Kl^-f &Isl 

wsmw^^-^-^^w^^2\,z%iM.(rmmm.. 

CIS^JI3 5 3 S.^AzX^-^tiMz'm.nUm^-th 
n'^%m<r>W, 1 WESrSI 1 iOftj^fttcJ; OHfe^Bgtcft 
^L- fffiSS^g?ft«OI^2coE$rSS2<^»^J«cJ:0151 

i£Brtg(c»j^L. friemi&txi^2«fii}#«sSri5i^$ii- 

( IS^JS 3 6 3 girlg ->»(itaKlr Sr If Ltfctf T ?f ^ 

ixTlsO, ISlHISIiOicglltCBilidaWtSriK^Wtt&iaSJJa 
3 5(;ieao^)->ii:fi-j£. 

CI9*Ja3 8 3 StHcJS^$ii/-c«a<OgJ«S-W-ri. 

s^gsttiom 1 <offiSrisiiK5ifig(cft^-ri.is 1 <nm 

ffjieS^gW<7)^2cOffi$rIs]|£^rigtC«}#tS^2 
<73«ftf4t. frie»iatXm2£Offi^«s<7)(5H£t;)P»|$:fc 
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{ im^ 3 9 ] mm-^mm% tsrnh t hwj: ^ «• 
frie^ xi\^<r>m. s: jg*^ i. *k *• wi- isjkii 3 s tie 

^<nmm^m^( mm7.\my.ms[^^tm \Mz 
x\ mm-^m<r>mmmizi^tii*:o}: # m-rh ztiz 

J:'?»iiie^^aii^^^8t-j-i.iga;ffi9 . o^^^^imsme 
i.z^nt?>^&i:^thmriim2Mztmeomms. 

imJEMMtmS^] 00 2 3 

imiEm] 

[0023] 

^W}m<.zti\,^x . mtim-kmcmsmiM^iMMk 

er>^t&fim(,zti\.^X . aS^^c?iggr /X/U)!)'(^i!^# at 

ot-^- ■ yx 'y hatcj: nmm-^^ii^(7)mmi,zm 
iiA^i:iD:^mi&iti,zx<^. msm-^SRit^fr^m 



tm2 comtkt ^hiixmrnizi^mxim^ mtsi 

mts.'%Kmms,^miiimmmi,zr&iki?:<iK^ im^z > 
izx 0 ■ mim-^mi:$'Kmm&mi^mizh<>^x 

maimtii<omiimx'h -> x , wsLk\z %\\nm^^y^^ 
u. m^m].(r>m^bm2<7m{¥bim■kh^tx^■^ 
%Km^m^a^m^mmm^zmi^&^\i!K.i iwh z c 

lXi&*)-^hitXm^Sitii:m!&ti>Tf^. mwiiin 
^giftg)-f :t yfT»>a^)iiaBt:irLfeS:ig:l^ ( 'f(tl) I <: 
tcJ: 0 . mim^m^:^ :tyil-h&^mizii^^XiY^ 

^humtr^-rhztirimti-h. ^mm. mm 
mizm L - mAzm^^tifz^^com*:^^-^ 

m^tmmi,zi&»?:^^imhaK»mi:mii^ 

■K\.Az^-^&tit:msi(r)Sim^thm^S6t^<r>m i <7) 

menf^2<r>miMi2cr>9k^mzx nm^Ksimzmt. 
mi?3^iRif^2cr>ek^mmm^itx^iK^ii\ isife 

[i}gr^a^.fc Lx. m^cns^mzi^f&thz t ii^mt 

1-55^1om^t». mfie^^SBffg)l^2g)ffi$:[glCTfig 

cs^-r^.^2g)e^}#f», giiiemi&t/gs2toffi}^t^co 

■tmipf<hii%tchmmfi<,zl&^i:Vf:^Wii, / X)V^ 
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